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SPECIFICATION 

Method and apparatus for dedustin g and 
desulfurizing gases 

5 

Background of the invention 

The present invention relates to a method and 
apparatus for removing solids and sulf urfrom hot 
gases. 

10 Methods and systems for dedusting and 

desulfurizing fuel gases are well known in the art It is 
known, for example, to utilize cyclone cleaners to 
remove dust and solids from synthetic gas produced 
by gasification of coal. Utilizing cyclone cleaners for 

15 dust removal requires that the temperature of the 
fuel gas not exceed 1 1 5Q°C, which is the upper 
temperature limit of available cyclones. Typically, 
the temperature of fuel gas produced by gasifying 
fossil fuels, such as coal, exceeds the operating 

20 temperature range of typical hot cyclones. 
Additionally, ft is well known thatfuel gases 
containing sulfur and solids can be desulfurized and 
the solids removed by introducing the fuel gas into a 
shaft reactor in counterflow relationship to a burden 

25 which can include such materials as limestone and 
iron oxide. 

Gaslfiers utilizing coal generate fuel gases usually 
having a high concentration of solids and dust. 
Introducing gas streams having a high concentration 

30 of dust and solids into shaft furnace reactors such as 
the Midrex Shaft Reactorf or Producing Metallized 
Iron, may result in a variety of undesirable 
conditions including a high probability of 
accumulation of dust, which "plugs" the burden 

35 including a high probability of accumulation of dust, 
which "plugs" the burden preventing the normal 
counterflow between the burden and the fuel gas, 
and impedes normal burden descent through the 
furnace. As a result, techniques and apparatus for 

40 removing dust interposed between the gasifier and 
the shaft reactor are desirable. 

Interposing hot cyclones between the gasifier and 
the shaft reactor is one way of removing such solids 
and dust. Such a technique Is illustrated in U.S. 

45 Patent Number 4,260,41 2. The use of hot cyclones 
may require precoolfng of the hot fuel gas prior to 
introduction Into the cyclone. In order to achieve 
high efficiency in a cyclone, particulate velocities are 
extremely high, with the result that the particulates 

50 cause high erosion of the cyclone wall, and often 
erosion of the cyclone throat. At extremely high 
temperatures (above 1 1 50°C), high temperature 
refractories are required, which do not resist high 
particulate velocities well. Thus, high erosion of the 

55 cyclone wall and throat continues to be a problem. 
As taught by this invention, solids tend to adhere 
to the surface of the burden materials or solids are 
entrapped in the bed interstices to provide removal 
of a portion of the solids. Shaft reactors may be used 

60 for gross solids removal using a burden consisting 
primarily of refractory materials which are 
recirculated while hot This reduces energy losses. 
The partially cleaned fuel gas is introduced into a 
second shaft reactor and reacts with the burden 

65 therein to remove sulfur and additional solids. If 



desired, the fuel gas leaving the second shaft reactor 
and fine limestone may be introduced Into a hot 
cyclone to provide additional desulfurization and 
cleaning. 

70 Synthetic fuel gases have also been precoofed 
using various techniques. Typically, the hot fuel gas 
has been mixed with a cooler tempering gas to lower 
its temperature sufficiently to permit the solids and 
sulfur to be conveniently removed. Generally, these 

75 techniques adversely Impacted the overall efficiency 
of the system in that the temperature reducing 
technique invariably resulted in an irrecoverable 
energy loss. 
Shaft dust removal systems have a longer life 

80 expectancy than hotcyctones,asthegasand 

particulate velocities are substantially lower, which 
allows hlghertemperature gas introduction to the 
shaft without concomitant erosion of refractories 
and walls of the shaft. 

85 

Summary of the invention 

This invention provides apparatus and 8 method 
for removing solids and sulfur from a hot fuel gas. 
Gross solid removal (removal of the larger solids and 
90 a portion of the smaller solids) is provided by 
introducing hot fuel gas into a first shaft reactor 
charged with refractory pellets, large limestone or 
dolomitic limestone particles, or a combination 
thereof, to f o rm a burden. As the hot f u el gas flows 
95 through the burden, solids in the form of 
particulates, dust, and alkaline substances 
accumulate on the surface of the materials 
comprising the burden and in the burden interstices. 
A portion of the burden is periodically discharged 

100 and replenished, removing the solids and alkaline 
substances which either adhere to the burden 
materials or are trapped in the interstices between 
the solidsforming the burden. 
Hot fuel gas from the first shaft reactor is 

105 introduced into a second shaft re actor which is 
charged with e material that includes limestone. As 
the hot fuel gas passes upwardly through the burden 
In the second shaft reactor, portions of the limestone 
are calcined. Sulfur components of the fuel gas 

110 reacts with the calcined limestone to form CaS, 
thereby removing sulfur from the fuel gas stream. 
Additionally, solids carried over from the first shaft 
reactor tend to adhere to the surface of the calcined 
limestone and other materials comprising the 

115 burden. Portions of the burden, including the 

limestone, calcined limestone, CaS and other burden 
materials a re discharged from the second shaft 
reactor as the burden is replenished in accordance 
with a predetermined schedule thus removing the 

1 20 sulfur and the solids from the second shaft reactor 
and the first gas stream. (Other burden materials 
which include sulfur removing agents such as 
dolomite may also be used.) 
As the limestone burden In the second shaft 

1 25 reactor moves, dust may be liberated and carried 
over into the output of this reactor. As an option, a 
two-stage hot cyclone is provided to remove 
additional dust and other solids. Additional 
desulfurization may also be accomplished by 

1 30 Introducing fine limestone or other sulfur reducing 
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agents into these cyclones. 

More specifically, the preferred embodiment of the 
Invention comprises apparatus and a method for 
removing solids and sulfur from a hot fuel gas 
5 stream using a two-stage process In which the hot 
fuel gas is introduced into a shaft reactor in 
counterflow relationship to a burden including 
refractory pellets, large limestone particles or a 
combination thereof to remove solids and alkalis. 

1 0 After passing through the first shaft reactor, the hot 
fuel gas is introduced into a second shaft reactor in 
counterflow relationship to a second burden which 
includes calcined limestone. Sulfur containing 
components of thefuel gas interact with the calcined 

1 S limestone to form solids, thus removing thesuifur 
from the fuel gas stream. Additional desulfurizatlon 
may be provided by introducing the hot fuel gas 
stream from the second furnace and fine limestone 
Into a hot cyclone. 

20 

Objects of the Invention 

It is an object of this Invention to provide an 
economical and energy efficient method for 
removing solids and sulfur from a hotfuel gas, 

25 It is another object of this invention to provide a 
method and apparatus for removing sulfur and 
solidsfrom afuel gas utilizing shaft reactors. 

It is also an object of this invention to provide an 
efficient and economical method and apparatusfor 

30 removing solids and sulfur from a hotfuel gas in 
which larger solids are removed by introducing the 
hot fuel gas into a first shaft reactor charged with 
ref actory materials and the sulfur Is removed by 
introducing the hotfuel gas Into a second shaft 

35 reactor which Is charged with a burden that includes 
calcined limestone. 

Brief description of the accompanying drawings 
Figure 1 is a schematic diagram of apparatusfor 

40 cleaning and desulfurizing a hotfuel gas in which a 
hotfuel gas to be cleaned and desulfurized flows in a 
stream through first and second shaft reactors, the 
first primarily removing large solids, the second 
primarily removing sulfur. 

45 Figure 2 is a schematic diagram of a second 
embodiment of the invention illustrated In Figure 1 
which includes additional sulfur removing 
apparatus. 

Figure 3 is a flow diagram illustrating a third 
50 embodiment of the invention using three shaft 
reactors permitting the burden in the first shaft 
reactor to be maintained static during use. 

Figure 4 is a flow diagram illustrating a fourth 
embodiment of the invention In which the burdens in 
55 all of the reactors are maintained static during use. 

Detailed description of the invention 

Referring now to the embodiment of the invention 
illustrated in Figure 1 , a hotfuel gas stream is 

60 introduced through a bustle and tuyere system 20 
into a first shaft reactor 22 from a suitable input pipe 
24. The hotfuel gas flows upwardly through a 
packed bed burden 26 within the reactor, which 
includes refractory pellets, limestone, or a mixture of 

65 refractory pellets and limestone. After passing 



through the burden 26, thefuel gas flows through an 
outlet pipe 28 and is introduced through a bustle and 
tuyere system 30 into a second reactor furnace 32, 
containing burden 34. Solids, as well as interaction 
70 with the fuel gas, contaminate the materials of 
burdens 26 and 34 as the fuel gas flows 
therethrough. This contamination necessitates the 
periodic replenishment of the materials comprising 
the burdens 26 and 34. 
75 More specifically, In the first reactor furnace 22, 
solids, such as dust and alkalis, adhere to the 
surfaces of the refractory pellets or large limestone 
particles for removal as the burden 26 is replenished. 
Partially cleaned fuel gas from the first reactor 22 
80 flows through pipe 28 as discussed above and into 
the bustle and tuyere system 30 of the second shaft 
reactor 32. A second burden 34 in the shaft reactor 32 
includes calcined limestone, which reacts with the 
sulfur components of the fuel gas to form solid CaS. 
85 Additional solids, not removed by or carried over 
from the first reactor 22, will also tend to adhere to 
the calcined limestone comprising the burden 34. 
These solids and the CaS are removed as the burden 
34 is replenished. Hot clean fuel gas exits from the 
90 second shaft reactor 32 through a suitable pipe 36 for 
use, as desired. In order to assure that the hotfuel 
gas flows through the fi rst and second reactors 22 
and 32 at the desired rate and quantities, it Is 
necessary thatthe system be pressurized. 
95 In charging the first reactor 22, hot recycled 
refractory pellets, and alternatively limestone, are 
preferably fed to a screening station 50. In order to 
flow conveniently through the first shaft reactor 22, 
the burden materials must be larger than a 

1 00 preselected size, because high levels of fine 

particulate matter in a mixed size burden tends to 
clog shaft reactors and impede burden movement by 
promoting "bridging". Properly sized refractory 
pellets, and limestone, if desired, from the screening 

1 05 station 50 are fed into a feed hopper 52 through a 
suitable pipe 56. 

A charging chamber 59 is positioned between first 
and second charging gates 58 and 60. Feed hopper 
52, charging gate 58, charging chamber 59, and 

110 charging gate 60 are supported by a feed pipe 62 and 
attached thereby to the upper end of the first shaft 
reactor 22. A discharge chamber 80 is positioned 
between fi rst and second discharged gates 82 and 
84, with discharge gate 82 in turn being attached to 

1 1 5 the discharge pipe 86 of the first particle reactor 22. 
A second charging chamber 90 is positioned 
between third and fourth charging gates 88 and 92. 
Support for the feed hopper 86, charging gates 88 
and 92, and charging chamber 90 is provided by a 

120 feed pipe 96 attached to the upper end of the shaft 
reactor 32. A discharge chamber 102 is positioned 
between third and fourth discharge gates 104 and 
1 06, and attached to the lower end of the shaft 
reactor 32 by a discharge pipe 1 08. 

125 The initial burdens 26 and 34 in the first and 

second shaft reactors 22 and 32 can be established 
by closing the first, second, third and fourth 
discharge gates 84, 86, 106 and 108, opening the first, 
second, third and fourth charging dates 58, 60, 88, . 

1 30 and 92, and pouring suitable quantities and types of 
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charging materials Into feed hoppers 52 and 86. 
During operation, the charge and discharge gates 
must be operated In a sequence which permits the 
burdens 26 and 34 to be replenished, while the first 
5 and second shaft reactors remain pressurized. 
For example. In replenishing the burden 26 In the 
first reactor 22, charge gate 60 is closed, sealing the 
upper end of the vertical reactor 22 to maintain 
pressure therein. Hot refractory pellets and other 

10 suitable burden materials from the screening station 
50 are fed Into the feed hopper 62 by pipe 56. The 
upper charging gate 58 Is opened, permitting the 
burden materials to flow by gravity into charging 
chamber 69. After the charging chamber 59 Is filled 

1 5 to a suitable level, the u pper charging gate 58 is 
closed and the lower charging gate is opened, 
permitting burden materials to flow from the 
charging chamber 59 into the first reactor 22 to 
replenish the burden 26. 

20 Portions of the burden 26 are discharged through 
the discharge pipe 86, upper discharge gate 82, 
discharge chamber 80 and lower discharge gate 84, 
in a similar fashion. That is, to discharge a portion of 
the burden 26, the lower discharge gate 84 Is closed 

25 and the upper discharge gate 82 is opened, 
permitting burden materials to flow through the 
discharge pipe 86 and fill the discharge chamber 80. 
After discharge chamber 80 Is filled, upper discharge 
gate 82 is closed and the lower discharge gate 84 is 

30 opened, permitting portions of the burden 26 to be 
discharged from the discharge chamber 80 into the 
recycling screening station 110, wherein hot 
refractory pellets are separated from the other 
burden materials. The hot refractory pellets are 

35 recycled to the first screening station 50 to be used as 
burden materials to replenish the burden 26. The 
remainder of the discharged burden materials are 
removed from shaft furnace 22 as solid waste. 
Due to the requirement for continuously 

40 maintaining the shaft reactors 22 and 32, pressurized 
burden 26 cannot continuously flow downward 
through the first shaft reactor 22. This is because the 
upper discharge gate 82 must at least be closed 
during the period when the discharge chamber 80 is 

45 being emptied. Closing this discharge gate prohibits 
discharge of the burden materials through the 
discharge pipe 86. However, the periods during 
which this gate is closed may be selected to be 
sufficiently short that the burden 26 essentially 

50 moves continuously downward through the first 
reactor 22. Alternatively, the burden 26 can remain 
static as will be subsequently described. 

Burden 34 in the second reactor 32 is replenished 
by utilizing a charging sequence similar to that 

55 described with reference to the first reactor 22. That 
Is, the upper charging gate 88, charging chamber 90, 
and lower charging gate 92 are operating In a 
sequence similar to the charging process previously 
described for the first reactor 22. Similarly, portions 

60 of the burden 34 are removed from the second 
reactor 32 utilizing the discharge chamber 1 02 and 
upper and lower discharge gates 104 and 106 in a 
fash Ion very similar to that previously described with 
reference to the first vertical reactor 22 and discharge 

65 gates 82, 84in conjunction with discharge chamber 



80. Burden materials discharged from the second 
shaft reactor 32 in replenishing burden 34 are 
removed and discharged as solid waste by a suitable 
conveyor 105. 
70 A6 previously described, the first vertical reactor 
22 is charged using refractory material recycled from 
the screening station 1 1 0 th rough screening station 
50 and feed hopper 52. Similarly, the second vertical 
reactor32 is charged with either limestone ora 
75 mixture of iron oxide and limestone by supplying 
these burden materials to the feed hopper 86 and 
utilizing the feed gates 88 and 92 and feed chamber 
90 to maintain the second vertical reactor 32 in a 
pressurized state while the burden 34 is being 
80 replenished. 

As described above, the first vertical reactor 22 
may be charged with refractory pellets, large 
limestone particles or a mixture thereof, and the 
second vertical reactor 32 charged with burden 
85 materials which include limestone to remove solids 
and sulfur from the hot fuel gas. As an alternative, 
the second vertical reactor 32 may be charged with 
limestone, dolomitic limestone or a mixture thereof, 
or a mixture of iron oxide and limestone and/or 
90 dolomite. If a charge consisting of a mixture of iron 
oxide and limestone is used in the second vertical 
reactor 32, the fuel gas introduced into the second 
vertical reactor 32 by way of the bustle and tuyere 
system 30 will react with the iron oxide to produce 
95 metallized iron. Underthese conditions, the burden 
material discharged from the second vertical reactor 
32 will consist of a mixture of calcium sulfide, 
metallized Iron and other solid materials. These 
materials can be readily separated from each other 

100 by utilizing magnetic techniques to recover the 
metallized iron. 

The sulfur-removing agent in the second reactor 
has an average particle diameter of at least 0.5 
centimeters, if the particle size is too small, the bed 

105 will fluldlze. The preferred average particle diameter 
is less than 3.0 centimeters. A limestone (or 
dolomitic limestone) average particle diameter of at 
least 0.5 centimeters is desirable to effect high 
utilization of the lime to form calcium sulfide, as well 

110 as requiring short residence times of the burden in 
the shaft reactor, which is amenable to high levels of 
dust removal from the gas stream. An average 
particle diameter greater than 3 centimeters renders 
the process uneconomical, as short burden 

1 1 5 residence times required for good dust removal 
result in low levels of lime utilization. 

The alternative embodiment of Rgure 2 is Identical 
to the embodiment described in Rgure 1, with the 
exception that additional apparatus for removal of 

120 solids and desulfurization is provided. This 

additional apparatus, enclosed within dotted line 
1 20, includes first and second cyclones 1 22 and 1 24. 
Hot fuel gas flows from the top of the second vertical 
reactor 32 to the first cyclone 122 through discharge 

1 25 pipe 36. Solids removed by either cyclone 1 22 or 1 24 
are ulti m ately discharged by e waste dlscha rge pi pe 
1 26 and discarded as solid waste. ' 

The gaseous output of the first cyclone 1 22 flows 
through a pipe 1 28 to the input of the second cyclone 

130 1 24. Clean and desulfurized fuel gas from the second 
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cyclone 124 flows through an exit pipe for further 
use, as desired. 

Fine particulate solids, Including limestone, from 
the screening stage 50 are coupled by a suitable pipe 
5 130 to the Input of the second cyclone 124. Portions 
of this limestone combine with the remaining sulfur 
contained In the fuel gas to form solid CaS. The CaS, 
excess limestone, and other solids are discharged 
through discharge pipe 132 and combined with 
1 0 gaseous output of the second vertical reactor 32 to 
form the input materials to the first cyclone 22. These 
solids are ultimately removed from the fuel gas 
stream by the first cyclone 122, as previously 
described. 

15 An embodiment of the invention which permits 
the burden materials in the first shaft reactor to 
remain static during the time that the fuel gas Is 
flowing therethrough Is Illustrated by Figure 3. This 
embodiment utilizes three shaft reactors, 1 1 0, 1 1 2, 

20 and 114. Rawfuel gas is introduced through a pipe 
and alternatively directed to either shaft reactor 110 
or 1 1 2 through valves 1 1 8 or 1 20. Fuel gas leaving the 
shaft reactors 110 and 1 1 2 is coupled through third 
or fourth valves 122 or 124 to the input of the third 

25 shaftfurnace114. 

In operation, the third shaft furnace 114 Is operated 
in a manner identical to the second shaft reactor 32, 
previously described with reference to Rgure 1 . The 
first and second shaft reactors of Rgure 3, reactors 

30 1 1 0 and 112, are charged with materials identical to 
shaft furnace 22, with the fuel gas being directed 
through these shaftreactorsthroughthevalves118 
and 120 in such manner that no fuel gas flows 
through the shaft reactor while Its burden Is being 

35 replenished.This reduces dust carryover during 
periods when the burdens are being replenished. 

The embodiment of the invention illustrated in 
Rgure 4 utilizes four shaft reactors 140, 142, 144, and 
146. Rawfuel gas is introduced into shaft reactors 

40 140 and 1 44 through first and second valves 1 48 and 
1 50. Fuel gas leaves the shaft reactor 1 42 and 1 46 
through valves 1 52 and 1 54 and pipe 1 56. In 
operation, shaft reactors 1 44 and 1 46 are operated in 
a manner Identical to furnaces 22 and 32 to clean and 

45 desulfurize fuel gas, while shaft reactors 140 and 142 
are being recharged to replenish their burdens. 
Similarly, shaft reactors 140 and 142 are operated to 
clean and desulfurize fuel gas while shaft reactors 
144 and 146 are being recharged to replenish their 

50 burdens. 

This arrangement provides an additional 
reduction of the dust and solids carryover from the 
shaft reactors to the fuel gas since no shaft reactor Is 
operated to clean or desulfurize fuel gas in those 

55 intervals during which their burdens are being 
replenished. 

In any of the above discussed embodiments, the 
refractory materials comprising burden 26 may be 
alumina spheres having a diameter greater than one 

60 half Inch. Materials of this size prevent plugging of 
the burden 26 and can be easily separated from dust 
and other contaminants adhering thereto by a 
conventional screening process in station 1 10 while 
the refractory materials are hot Recycling the 

65 refractory pellets while hot conserves energy, as 



previously discussed. 

Summary of the achievement of the objects of the 
Invention 

70 From the foregoing, it Is readily apparent that I 
have provided an economical and energy efficient 
method for removing solids and sulfur from a hot 
fuel gas, which utilizes shaft reactors. 
Since those skilled in the art can readily determine 

75 other possible alternative embodiments, this 
invention is to be limited only by the scope of the 
following claims. 

CLAIMS 

80 

1 . A method for cleaning a fuel gas in which the 
fuel gas passes through a first burden In a first shaft 
reactor to provide gross solid removal, through a 
second burden In a second shaft reactor to provide 

85 sulfur removal and fine solid removal, comprising 

the steps of: 
(a) introducing fuel gas into a first shaft furnace 

having a packed bed burden therein, said burden 

including pellets of refractory material; 
90 (b) passing said fuel gas through said burden to 

cause solids In said fuel gas to adhere to the surface 

of said pellets of refractory material; 

(c) introducing said fuel gas into a second shaft 
reactor having a second burden therein, including a 

95 sulf ur removing agent; 

(d) passing said fuel gas through said sulfur 
removing agent to cause sulfur components of said 
gas to react with said sulfur removing agent to 
remove sulfur from said fuel gas; and 

1 00 (e) removing said dedusted, desulfurized fuel gas 
from said second reactor. 

2. A method for cleaning a fuel gas in accordance 
with claim 1 further com prising repeatedly removing 
portions of said hot refractory pellets comprising 

105 said burden, removing solids adhering to the surface 
thereof and recycling said portions of said hot 
refractory pellets to replenish the burden of said first 
reactor to reduce the loss of energy associated with 
replenishing said first burden. 

110 3. A method for cleaning a fuel gas in accordance 
with claim 1 or 2, further comprising the additional 
step of introducing said gas Into a cyclone cleaner to 
provide an additional stage of solid removal. 
4. A method for cleaning a fuel gas In accordance 

115 with claim 1 , 2 or 3, further comprising mixing 

limestone and iron oxide in predetermined ratios to 
form at least part of said second burden. 

6. A method for cleaning a fuel gas in accordance 
with claims 3 and 4, further comprising introducing 

1 20 limestone into said cyclone to remove additional 
sulfur from said fuel gas. 

6. A method of cleaning a fuel gas in accordance 
with claim 5, further comprision discharging and 
separating portions of said second burden to recover 

125 metallized iron and waste. 

7. A method according to any preceding claim, 
wherein said sulfur removing agent has an average 
particle diameter of at least 0.5 centimeters. 

8. A method according to any preceding claim, 
1 30 wherein said sulfur removing agent has an average 



particle diameter of less than 3.0 centimeters. 

9. A method for cleaning a fuel gas in accordance 
with any preceding claim, wherein said first burden 
includes limestone, dolomite, or a mixture thereof. 
5 10. Appa ratus for cleaning a nddesulfurizing a 
fuel gas stream, comprising in combination: 

(a) apparatus for removing solids from said fuel 
gas stream comprising a first shaft reactor into 
which said fuel gas stream is introduced in 

10 counterflow relation to a burden comprising 
materials selected to promote adhesion between 
solids contained in said fuel gas stream and said 
burden materials; 

(b) means for recycling a portion of the materials 
15 comprising said burden whereby solids adhering to 

the recycled burden materials are removed and 
energy losses resulting from cooling of the recycled 
burden materials are reduced; 

(c) means for directing said fuel gas stream 
20 through a second shaft reactor to react sulfur 

contained in said fuel gas stream with burden 
materials to produce solids containing sulfur, 
thereby removing sulfur from said fuel gas stream. 

1 1 . Apparatus for cleaning and desulfurizing a 
25 fuel gas stream In accordance with claim 10, wherein 

said burden includes refractory pellets of a 
predetermined size. 

12. Apparatusfor cleaning and desulfurizing a 
fuel gas stream in accordance with claim 1 1 , wherein 

30 said refractory pellets are alumina spheres. 

13. Apparatus for cleaning and desulfurizing a 
fuel gas stream in accordance with claim 11 or 12, 
wherein said refractory pellets have a diameter of at 
least one centimeter. 

35 14. The methods for cleaning a fuel gas 
substantially as hereinbefore described. 

15. Apparatusfor cleaning a fuel gas, 
substantially as hereinbefore described with 
reference to the accompanying drawings. 
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